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INTRODUCTION 
Soybean mosaic virus (SMV) causes a disease that is a common and 
widespread problem of soybeans. The disease is economically important, 
because it reduces quantity and quality of seeds. Kendrick and Gardner 
(40) reported that SMV reduced seed yield by 30-75% and that seeds from 
infected plants were smaller. Ross (60,61) also reported a reduction 
in seed size in SMV-infected plants and an 8-25% reduction in yield. 
Seed size is important because the amount of reserve food stored in 
the cotyledons affects germination and development of the seedlings (54). 
Ross (63) compared SMV-resistant and susceptible isolines and found that 
yield reduction due to SMV ranged from 25-30%. A reduction in oil con-
tent of seeds (17) and decreased nodulation (78) of SMV-infected plants 
have also been reported. Leaves of infected plants are distorted and 
exhibit mosaic symptoms. Internodes are shortened, resulting in stunted 
plants. 
Soybean mosaic virus disease is a serious threat to the soybean 
industry, because there is no easily performed procedure for detecting 
infected seed which can serve as inoculum sources for secondary spread 
of the virus (40). Although seed coat mottling has been associated with 
the disease (62), the relationship between mottling and transmission of 
the virus is inconsistent (57). Kendrick and Gardner (40) observed 
that mottled seeds were produced by healthy and mosaic plants, and that 
mosaic seedlings were sometimes obtained from nonmottled seed. Not all 
mottled seed produce virus-infected plants; however, the use of mottled 
seed will increase the likelihood of obtaining virus-infected seedlings. 
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SMV is a seed, insect, and mechanically transmitted virus in the 
potyvirus (potato virus Y) group (7). The percentage seed transmission 
will vary with the soybean cultivar and virus isolate (63). Like many 
other potyviruses, SMV has been shown to be transmitted by aphids in a 
nonpersistent manner (1). Nonpersistent viruses are typically acquired 
by insect vectors in the course of probes lasting 10-60 seconds and are 
usually retained for less than one hour; however, nonfeeding apids may 
retain the virus for several hours (70). Eighteen aphid species have 
been reported to transmit SMV (1). 
Although no aphi d species are known to colonize soybeans in Iowa, 
field observations on the pattern of occurrence of SMV-infected plants 
suggest that insect vectors are involved in the epidemiology of SMV 
(H. Tachibana, Iowa State University, personal communication, 1976). 
The behavior of migratory aphids makes them suspect as vectors of non-
persistent viruses (81). Migratory aphids are dispersed at random and 
are as likely to land on a nonhost as on a host (70). Frequent move-
ment and the short duration of probing on nonhost plants are factors 
that facilitate the spread of nonpersistent viruses by aphids. 
A random pattern of occurrence of diseased plants suggests that 
the primary inoculum source exists outside the field plot under observa-
tion. This implies that vectors acquire SMV from nearby infected weeds 
or soybeans and are viruliferous as they enter the plot. A viruliferous 
aphid, landing at random on a soybean plant, inoculates the plant with 
virus when it probes. Since nonpersistent viruses are usually lost 
after the first probe, subsequent plants within the field are not likely 
to be inoculated by the same individual. Nonrandom spread usually 
3 
indicates that the primary inoculum source is within the field, e.g., 
infected seed. An aphid acquires the virus when it probes an infected 
plant. When the viruliferous aphid moves to a neighboring plant, it 
may cause infection; therefore, the incidence of adjacent diseased plants 
is commonly higher when the inoculum source is within the field (79). 
The aphid species present in the largest numbers is not necessarily 
the most important one epidemiologically because a lesser abundant species 
may be more efficient at transmitting SMV. It is necessary to study 
virus transmission properties and behavior of an aphid species in order 
to establish its importance as a vector. The purpose of this study was 
to determine the importance of several aphid species to the epidemiology 
of SMV. The primary objectives were: 1) to determine whether SMV-
infected seed serves as an inoculum source for secondary spread of the 
virus, and 2) to determine the acquisition and retention time of SMV 
by known vectors collected near the field plot. 
Life cycle 
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LITERATURE REVIEW 
Aphid Biology that Affects Virus Transmission 
Generally, in regions where the temperature reaches below freezing, 
aphids overwinter as diapausing eggs. Eggs are deposited in the fall on 
the primary host, which is always a woody species (70). In the spring, 
those eggs that have survived will hatch into fundatrices, which are 
apterous (wingless) females that reproduce parthenogenetically and 
viviparously. Alate (winged) migrants, produced in response to matura-
tion of host leaves, migrate to the secondary host, which is usually 
an herbaceous plant. Not all aphid species alternate between hosts. 
The winged migrants alight and viviparously deposit several apterous, 
viviparous females called virginoparae. Virginoparae continue to repro-
duce parthenogenetically during the summer. Alate summer migrants are 
thought to be produced in response to the effects of crowding and 
physical contact (70), although a decrease in the nutritional status 
of the host and wilting may also stimulate the production of alatae 
(19,41). Most aphid species that have been studied will continue repro-
ducing asexually as long as photoperiods remain between fourteen to 
sixteen hours (69). 
In nature, as the daylength and temperature decrease, gynoparae 
(winged females) and males are produced. Gynoparae migrate to the 
primary host and asexually produce oviparae, which are apterous, sexual 
females. Males are attracted to the females by pheromones (42). After 
fertilization, the oviparae lay eggs. 
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During a twenty year study on the biology of Rhopalosiphum maidis 
(Fitch) in Texas, Wildermuth and Walter (85) never observed oviparous 
females, and males were extremely rare. They concluded that~· maidis 
overwinters as viviparous females on barley and other grasses. In 1909 
it had been reported that ~· maidis does not overwinter in Illinois, 
but first appears in midsummer (15). Davis assumed that~· maidis migrates 
to Illinois from regions to the south where winters are mild enough to 
allow viviparous females to survive. 
Unpublished data for Iowa (Ron Hammond, Dept. of Entomology, Iowa 
State University, personal communication, 1978) indicate that in 1977 
R. maidis was first caught in yellow pan traps near the end of June. 
There was a small population peak in late June and early July, another 
peak at the end of July, and a very large peak at the end of August, 
after which time the population rapidly declined. In 1976, the traps 
were not set out until the second of July; however, a small peak was 
noted between the second and eighth of July, after which the population 
leveled off until the nineteenth of July. The population peaked near 
the end of July, in early August, and again in mid-August. Data from 
South Dakota for 1975 indicate that populations of ~· maidis peaked twice, 
once in early August and once in mid-September (45). 
Few studies on the biology of ~· maidis have been reported since 
1932. Branson and Ortman (12) reported on the fecundity and duration 
of instars for laboratory reared R. maidis. El-Ibrashy et al. (18) 
expanded on Branson and Ortman's data by noting the effects of tempera-
ture and host species on the biology of R. maidis. They reported that 
30 C was the optimum temperature for development. 
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The life cycle of Myzus persicae (Sulzer) closely parallels the 
generalized aphid life cycle outlined previously. Hille Ris Lambers 
(33) reported that ~· persicae will migrate to several Prunus species 
in the fall and produce oviparae and eggs; however, he observed that 
fundatrices only matured on Prunus persicae (peach). 
In 1977 ~· persicae appeared in yellow pan traps as early as the 
fifth of June; however, only nineteen total specimens were collected 
during the summer (Ron Hammond, Dept. of Entomology, Iowa State University, 
personal communication, 1978). In 1976 ~· persicae was found coloniz-
ing Polygonum species (smartweed). It is not known whether M. 
persicae overwinters outdoors in the Ames area. In Iowa, alate forms 
have been observed on cherry in late October and on plum in late May 
(34); however, no mention was made of observing the egg stage. ~· per-
sicae can also overwinter in greenhouses (19). 
Mouthparts 
An aphid's mouthparts, which are well-adapted to its piercing-sucking 
feeding habit, consist of two pairs of flexible stylets, a labrum, and 
a segmented labium or rostrum. The two pair of stylets lie within a 
groove of the rostrum, which telescopes to expose the stylets when the 
aphid begins to feed. All segments of the rostrum contain tactile hairs 
and sensory cones that function as mechanoreceptors (21). 
The inner pair of stylets, or maxillary stylets, interlocks by 
ridges and grooves to form the salivary and food canals. The outer, or 
mandibular, stylets enclose the maxillary stylets. Each mandibular 
stylet has a central duct extending from the base to within 0.6 microns 
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of the tip (22). The central duct contains nerves that are thought to 
function as chemoreceptors (22). 
The food canal leads to a mouth, which opens into the sucking or 
cibarial pump~ whose function is drawing plant sap into the foregut. A 
gustatory organ composed of fourteen sensory papillae and sixty neurons 
is located on the epipharynx near the beginning of the sucking pump (84). 
Fluids passing through the food canal come in direct contact with the 
gustatory organ. 
Feeding mechanisms and host selection 
It is generally assumed that phloem sieve tubes are the feeding 
goal of aphids (22). Aphids use the nitrogenous material in the phloem 
and excrete the sugars (41). In 1929 Weber described the mechanical 
aspects of penetration (cited in 22). Penetration occurs by means of 
alternate protractions of the mandibular stylets, followed by protrac-
tion of the maxillary stylets. Pectinase that dissolves the middle 
lamella and aids penetration has been detected in the saliva of 23 aphid 
species, including~· persicae (2). Adams and McAllan (2) found no 
pectinase in the saliva of alate or apterous !· maidis. 
A salivary sheath, composed largely of protein, is released from 
the stylets as soon as the rostrum contacts the leaf surface (53). The 
stylet bundle is completely surrounded by the salivary sheath during 
penetration. Various explanations for the purpose of the salivary sheath 
have been offered, including supporting the stylet bundle, protecting 
the stylets from bacteria within the leaf, and preventing plant sap from 
escaping past the stylet bundle (53). 
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Workers have searched for differences in behavior between aphids 
making superficial probes and those making feeding probes. Superficial 
probes are brief probes during which the stylets rarely have time to 
penetrate the epidermis, an action requiring at least one minute (6). 
An aphid making a feeding probe requires at least 15 minutes to reach 
the phloem (6). Hashiba (31) reported that aphids making superficial 
probes insert their stylets interanticlinally and intracellularly 90% 
of the time, whereas feeding probes were nearly always intraanticlinal. 
Hashiba assumed that the intraanticlinal probes were intercellular. 
Lopez-Abella and Bradley (48) demonstrated that probes that are initially 
intraanticlinal and i ntercellular can become intracellular. Their con-
clusions are based on electron microscopic observations of stylet tracks. 
They observed breaks in the stylet track that occurred when the stylet 
was diverted from its intercellular path and inserted into a cell. 
Further observations by Lopez-Abella and Bradley were reported at 
the 7th International Congress of Electron Microscopy (29). Results of 
studies with ~· pers i cae making brief probes on tobacco leaves infected 
with cucumber mosaic virus (CuMV) showed that there were breaks in the 
stylet tracks of aph i ds that successfully transmitted CuMV, but no breaks 
in the tracks of the apids that did not transmit the virus. The obser-
vations of Hashiba and Lopez-Abella and Bradley indicate that superficial 
probes are usually intracellular, whether the stylet enters intraanti-
clinally (directly) or interanticlinally (indirectly), whereas feeding 
probes are intercellular and intraanticlinal. 
Harris (29) presents the following hypothesis on the mechanisms 
that determine whether an aphid makes a superficial or a feeding probe. 
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In order to determine the suitability of a plant as a host, an aphid must 
probe intracellularly to sample cell contents. Chemoreceptors on the 
mandibles function as ingestion receptors. The ingestion receptors are 
stimulated by various chemicals in the plant sap, and this stimulation 
causes the aphid to ingest plant sap past the epipharyngeal gustatory 
organ. The gustatory organ monitors the cell sap for the presence or 
absence of amino acids and other chemicals that are essential to the life 
of the aphid. Low levels of favorable stimuli will trigger the aphid to 
abort its probe, whereas high levels of favorable stimuli may cause the 
aphid to initiate a deeper, feeding probe. The quantity and quality of 
stimuli that the aphid receives will determine whether it leaves the 
plant, makes another superficial probe, or begins a feeding probe. 
Migration 
Most aphid migration takes place in winds greater than 8 km (5 
miles) per hour (41,75). Under these conditions, aphids cannot actively 
control their flight (70). Newly molted alate aphids move to the top 
of plants and await favorable migration conditions. Take-off can be 
delayed by high winds, low temperature, or darkness (75). If conditions 
are not favorable within the first few days of adulthood, flight muscles 
will have degenerated (41), and the aphid will not migrate or reproduce. 
Take-off has been described as a "fast, obstacle-avoiding, positively 
phototactic flight toward the open sky" (65). The persistent upward 
flight carries the aphid upward 15-20 feet, after which the aphid is 
carried by the moving air (35). If the convected air fades, the aphid 
may be forced close to the ground (65). Others believe that an aphid 
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returns to the earth 's surface as :1 rcsul t of incrcasin~ l"t.':-:p,)n:-:ivt.'nc:-::-: 
to long-wave radiation from the earth and decreasing responsiveness to 
short-wave radiation from the sky (35). 
There is very little evidence to indicate that aphids can discrimi-
nate between host plants and nonhost plants before settling, although 
Kennedy et al. (42) reported that gynoparae of~· persicae avoided land-
ing on brussel sprouts. In the same studies, observations showed that 
the proportion of ~· persicae landing on a nonhost (spindle tree) and 
on a host (peach) was equal. The higher accumulation of M. persicae 
on peach at the ertd of the day was due to a differential departure rate. 
M. persicae tended to remain on peach longer than on the spindle tree. 
In subsequent studies with Aphis favae Scop. and Brevicoryne brassicae L., 
Kennedy et al. (43) found no specific attraction to host plants. They 
concluded that alighting, probing, and retake-off are common, whether 
from host or nonhost. 
Previous flight experience appears important in determining the 
settling behavior of some aphids (75). Most of the work has been done 
with Aphis fabae. Cockbain et al. (14) carried out experiments in which 
alate A. faba~ were tethered and flown in air currents for various 
lengths of time before their probing behavior was monitored. Flown 
aphids began to probe within a few seconds after being placed on a leaf, 
but unflown aphids did not readily probe. Some unflown aphids wandered 
for at least thirty minutes before probing. 
Taylor (75) made the following conclusions from a review of the 
literature and his own observations. With flights lasting only a few 
minutes, an aphid makes a superficial probe and flies away, even from a 
11 
good host. After a half hour's flight, the aphid ma y stay and probe but 
will fly away if the host is not suitable. After a flight of one hour, 
an aphid will remain at least 60 minutes on a nonhost and may remain 
permanently on a good host. 
Nonpersistent Virus Transmission 
Definition and characterization 
Watson and Roberts (82) proposed a system for classifying plant 
viruses as nonpersistent or persistent, depending on how long the vector 
retains the virus. In 1956 Sylvester (73) proposed a third category, 
semipersistent, based on his observation that the transmission proper-
ties of beet yellows virus by ~· persicae were intermediate to those of 
nonpersistent and persistent viruses. Subsequently, Kennedy et al. (44) 
classified viruses as stylet-borne or circulative. Stylet-borne 
describes a mechanism by which nonpersistent viruses are transmitted, 
and circulative describes the transmission mechanism of persistent 
viruses. The disadvantages of this classification scheme are that 
there is no place for semipersistent viruses and that stylet-borne is 
just one hypothesis of how nonpersistent viruses are transmitted. The 
newest classification system has been proposed by Harris (29). Hecate-
gorizes nonpersistent and semipersistent viruses as noncirculative and 
persistent viruses as circulative. The traditional term nonpersistent 
will be used in this paper. 
Nonpersistent viruses have been characterized by greater transmis-
sion by starved than by nonstarved aphids, brief acquisition thresholds, 
no latent period, short retention time, and loss of aphid infectivity 
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after molting. Watson (80) demonstrated the effect of preacquisition 
starving on transmission of Hyoscyamus virus 3 (henbane mosaic virus) by 
~· persicae. Percent transmission increased with preacquisition starving 
times up to one hour, after which little further increase in percent 
transmission was obtained. The effects of preacquisition starving were 
annulled if the aphid was allowed an acquisition feeding period lasting 
longer than one minute. Watson (80) initially hypothesized that feeding 
aphids contained a virus inhibitor that could gradually disappear if 
aphids were allowed to starve. As starved aphids continued to feed on 
an infected leaf, the concentration of virus inhibitor increased again. 
Bradley (8) demonstrated the importance of aphid probing behavior 
to virus transmission. He overcame the preacquisition starving effect 
by choosing unstarved aphids that made superficial probes within two 
minutes of being placed on the virus source plant. Most unstarved 
aphids are reluctant to probe, but when they do it is usually for longer 
than one minute. The few unstarved aphids that made superficial probes 
transmitted almost as well as starved aphids. 
Acquisition probes of 15-20 seconds are optimal for the transmission 
of nonpersistent viruses, but some aphids can acquire virus with probes 
as brief as 5 seconds (29,70). The ability of an aphid to transmit 
virus decreases with increased acquisition feeding time (74). There is 
no latent period between acquisition and inoculation. An aphid can 
inoculate a plant with ·virus in about the same amount of time as it 
acquired the virus. Feeding aphids retain the virus for less than one 
hour, usually just a few minutes, whereas nonfeeding aphids can retain 
the virus for severa l hours (70). If an aphid consecutively probes a 
t 'j 
series of test plants, successive inoculations are possible but not 
connnon (74). 
Site of virus acquisition 
During superficial probes that are optimum for nonpersistent virus 
acquisition and transmission, the stylet bundle penetrates 5 urn or less 
into the epidermis (10). As probe duration extends beyond one minute, 
the stylets reach subepidermal tissue and transmission decreases.(6). 
Bawden et al. (6) hypothesized that percentage transmission decreases 
with increased feeding time because virus is less concentrated or in a 
less aphid-transmissible form in subepidermal than in epidermal tissues. 
They irradiated cabbage black ringspot infected turnip leaves with UV 
to inactivate virus in the epidermis. Infectivity of sap from irradi-
ated leaves was one fifth that of nonirradiated leaves. Virus trans-
mitted by aphids making brief probes on irradiated leaves caused fewer 
local lesions in a tobacco assay system than did aphids making brief 
probes on nonirradiated control leaves. Virus transmitted by aphids 
that were allowed acquisition feeding periods of one or 24 hours induced 
as many local lesions after feeding on irradiated leaves as after feed-
ing on nonirradiated leaves; however, the number of local lesions was 
considerably less than the number obtained from transmission by aphids 
making superficial probes on control leaves. Bawden et al. concluded 
that virus is not as "readily extractable" in underlying tissue as it 
is in the epidermis. 
Hashiba (32) reported that the concentration of bean yellow mosaic 
virus (BYMV) is less in the epidermis than in the underlying tissue. 
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Aphids transmitted virus three times more readily from exposed virus-
infected mesophyll than from virus-infected epidermal strips. Harris 
(29) stated that the importance of virus in the mesophyll varies with 
the virus-aphid-plant combination. McLean and Kinsey (50) recorded 
electronic wave patterns that indicated aphids ingested fluids from 
mesophyll and phloem parenchyma, companion cells, and xylem. They demon-
strated that Acyrthosiphon pisum, the pea aphid, rarely samples sap from 
these tissues when placed on a host plant, but it was likely to do so 
if placed on a nonhost (51). 
In summary, an aphid initially makes a superficial (intracellular) 
probe in the epidermis (31,48). Preacquisition starving (29), long 
periods of flight (75), and nonhost status of the plant (51) are some 
factors that will enhance superficial probing. High levels of favorable 
amino acids and other stimuli may cause the aphid to initiate deep 
feeding probes that are intercellular. Transmission decreases with 
increased feeding, because an aphid is less likely to sample cell con-
tents and acquire virus. Any factor that encourages sap sampling behav-
ior will increase the likelihood of virus transmission. 
Specificity of transmission 
Nonpersistent viruses are usually transmitted by more than one 
aphid species or genus. For example, eighteen aphid species have been 
reported to be vectors of SMV (1). No aphid can transmit all nonper-
sistent viruses, but~· persicae has been reported as a vector for over 
100 different viruses in either a nonpersistent or persistent manner (19). 
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Virus strains may differ in their transmissibility by a given aphid 
species. Bawden and Kassanis (5) reported that ~- persicae was a vector 
of all naturally occurring strains of PVY, excert strain C. 'l'lle spinach 
strain of CuMV lost its ability to be transmitted by ~· persicae, but 
could still be transmitted by other aphid species (3). He postulated 
that a mutation had occurred in the virus rather than in the vector, 
because collections of ~· persicae from a wide variety of sources failed 
to transmit the spinach isolate. Kamm (37) attempted to transmit a 
strain of bean yellow mosaic virus (BYMV) not transmitted by ~- persicae, 
using various combinations of five aphid species, five virus source 
plant species, and ten test plant species. More than 5,000 aphids were 
used before transmission was achieved. He explained the change in the 
transmissibility on the basis of virus mutation. 
Some virus isolates have completely lost their aphid transmissibil-
ity. For example, nontransmissible isolate of BYMV remained nontrans-
missible, regardless of the aphid species or virus source plant (20). 
The nontransmissible strain occurred in a relatively higher titer than 
two aphid-transmissible strains; therefore, the authors concluded that 
a high degree of nonaphid-transmissibility is associated with a high 
degree of mechanical transmissibility. 
Conversely, aphid biotypes differ in their ability to transmit a 
given virus strain (59). A Michigan isolate of BYMV was transmitted by 
the ELl biotype of !· pisum but was not transmitted by the EL or WARF 
biotypes in 1200 trials (77). Aphid species, biotype, and virus strain 
are important in determining the aphid-transmissibility of a virus. 
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Other factors tha t a ffect the aphid-transmissibility of a given virus 
are plant species that serve as aphid hosts, virus source, and test 
plant (71). Handling and behavior of aphids; aphid growth stage and 
form (77); and environmental factors such as temperature (66,67), loud 
noise (29), and light (68) also influence the degree of aphid trans-
mission. 
Accessory factors in nonpersistent virus transmission 
Pirone (56) has written a thorough review on the elucidation of 
the helper component, a factor shown as necessary for aphid transmission 
of several viruses in the potyvirus group. A few of the major contribu-
tions will be reviewed, because SMV is also a potyvirus. 
Kassanis (38), working with several strains of potato acuba mosaic 
virus, demonstrated that M. persicae could not transmit the strains from 
infected plants unless the plants were also infected with either potato 
virus A or potato virus Y (PVY). He offered several explanations for 
this phenomenon including increase in potato acuba mosaic virus as a 
result of infection with potato virus A or PVY, phenotypic mixing, or 
a mechanism by which potato virus A or PVY could aid the attachment of 
potato acuba mosaic virus to aphid stylets. 
Kassanis and Govier (39) later demonstrated that aphids that first 
feed on PVY-infected plants can then transmit potato acuba mosaic virus 
and potato virus C. PVY does not have to co-infect the same plant as 
potato acuba mosaic virus or potato virus C, suggesting that phenotypic 
mixing and increased concentration are not the mechanism of action. 
Aphids that first feed on potato acuba mosaic virus or potato virus C 
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infected plants and then feed on PVY-infected plants cannot transmit 
potato virus C or potato acuba mosaic virus. 
Govier and Kassanis (27,28) also showed that purified PVY, which 
is normally nonaphid-transmissible, could be transmitted by aphids that 
were allowed to feed on virus-free extracts of PVY-infected leaves. The 
transmission promoting factor was termed the "helper component." This 
suggests that helper component is produced in plants as a result of 
infection with certain viruses. 
The mechanism proposed for action of the helper component suggests 
it aids in attachment of virus to specific sites in the aphid. Certain 
viruses do not cause production of the helper component themselves; 
therefore, they are not aphid-transmissible unless the aphid acquires 
helper component from another source. Most of the viruses that require 
a helper component for transmission from infected plants are in the 
potyvirus group (56). The helper component seems to be lost during 
virus purification rendering purified virus not aphid-transmissible. 
This is a general property of the potyvirus and caulimovirus groups (56). 
Mechanism of action 
Currently, two ideas for the mechanism of nonpersistent aphid 
transmission of viruses are under consideration. The stylet-borne or 
mechanical hypothesis received wide recognition following the stylet 
manipulation studies of Bradley and Ganong (10,11). Mechanisms of 
specificity, preacquisition starving effect, and other phenomenon of 
nonpersistent transmission have been explained in various ways by pro-
ponents of this hypothesis, but the major assumption is that virus is a 
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stylet contaminant. The ingestion-egestion hypothesis, favored by 
Watson, Harris, and coworkers (29,81,83) is based on the sap sampling 
behavior of aphids. It is postulated that virus-infected sap is ingested 
and that the virus is "carried in the lumen and/or adhering to the lining 
of the anterior part of the alimentary canal ... " (30). 
Rapid acquisition and transmission and the ability of most nonper-
sistent viruses to be mechanically transmitted suggested that virus is 
mechanically transmitted via the stylets. Bradley and Ganong (10) 
reported that UV irradiation of the stylet tips rendered ~· persicae 
nonviruliferous in circumstances under which the aphids would normally 
be viruliferous . They postulated that virus is carried near the stylet 
tips, because treatment of other areas of the stylet did not render 
aphids nonviruliferous; however, nonviruliferous control aphids rarely 
acquired or transmitted virus until after an hour long recovery period. 
This suggests that UV irradiation seriously affects aphid probing 
behavior. 
Treatment of stylet tips with formalin also rendered aphids non-
viruliferous (11); however, exposing stylets to other antiviral agents 
such as milk, ribonuclease, and 8-azaguanine does not render aphids 
nonviruliferous (29). Bradley (9) reported that dipping the distal end 
of the exposed maxillae into water five times within 15 seconds made 
nearly every aphid nonviruliferous. This suggests that virus is carried 
on the tip of the maxillae. 
In 1977, Lim et al. (47) observed labelled virus on the inner 
surface of mandibles of an aphid biotype that transmitted pea seed-borne 
mosaic virus (PSbMV) with a high frequency. A small amount of label was 
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observed on the mandibles of a biotype that transmitted PSbMV with a 
low frequency, suggesting that poor ability of an aphid to transmit a 
virus occurs because a low quantity of virus is acquired. 
Gamez and Watson (24) suggested that, if virus is transmitted in a 
mechanical manner by aphids, then one should obtain transmission by 
artificially inserting aphid stylets first into virus-infected, then 
into healthy leaves. No transmission was obtained when the stylets of 
anaesthetized M. pers i cae were inserted into henbane mosaic virus infected 
tobacco leaves. They concluded that active probing is required for 
virus transmission. 
Barnett and Pirone (4) later dipped the stylets of anaesthetized 
aphids into capillary tubes containing purified CuMV and reported a 
low frequency of transmission after recovery. They countered that 
active probing is not necessary for virus transmission. 
The specificity of transmission has been an argument against the 
stylet-borne hypothes i s. If viruses are transmitted by the stylets in 
a mechanical manner, why cannot all aphids transmit all nonpersistent 
viruses? Day and Irzykiewicz (16) proposed a "mechanical inactivator" 
mechanism in which viruses differ in their susceptibility to inacti-
vating substances in aphid saliva. Sylvester (72) proposed a "mechanical 
inactivator compatibi l ity scheme in which specificity depended on the 
particular virus, aphi d saliva, and plant host cell combination." 
Van der Want (cited in 29) suggested that specificity is due to 
"mechanical surface adhesion." The structure of the stylet was thought 
to determine whether a particular virus could be absorbed to or released 
from the stylet. In 1958, Van Hoof (cited in 29) reported that electron 
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microscopic examination of aphid stylets revealed ridges and grooves on 
the mandibles that might function to hold virus particles. Schmidt et 
al. (64) examined the stylets of 23 aphid species, including~· persicae 
and ~· padi, and found no differences in stylet architecture. 
The ingestion-egestion hypothesis was postulated by Harris and Bath 
in 1973 (30) after they observed that the sucking pump works in either 
direction. They placed ink particles in sucrose solution and allowed 
aphids to feed on this solution through a membrane. Ink particles flowed 
outward as well as inward, suggesting the sucking pump works in either 
direction. It was postulated that viruses are carried in the alimentary 
canal which includes the food canal, pharangeal duct, sucking pump, and 
foregut or esophagus (29). When the food material is regurgitated, 
inoculation occurs. 
Garrett (26), work ing independently, also demonstrated that aphids 
ingest and egest or regurgitate plant sap. Aphids that probed for 10 
minutes or less on P-32 labelled plants had ingested tracer. They con-
tained less tracer following six to eight minute probes than after three 
to five minute probes, suggesting that tracer was returned to the plant. 
Specificity and the preacquisition starving effect can be explained 
in terms of the ingestion-egestion hypothesis. Specificity is thought to 
be due to selective absorption of virus to the membranes lining the 
alimentary canal, which are more biologically active tissues than the 
stylets (29). Preacquisition starving lowers the threshold of the 
ingestion receptors, encouraging aphids to make sap sampling probes. 
Feeding aphids, on the other hand, have high ingestion receptor thresh-
olds and are more likely to make deeper feeding probes. At present 
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there is little experimental evidence to support the ingestion-egestion 
hypothesis; however, it seems to be a plausible explanation because it 
relies on the natural behavior of aphids. 
Epidemiology of SMV 
Nine common soybean insects, including the tarnished plant bug, 
potato leaf hopper, and thrips have been tested and found unable to 
transmit SMV. Since no aphid species are known to colonize soybeans in 
Iowa, it is assumed that migratory winged aphids are the most important 
aphid form in the spread of SMV. 
These migratory aphids must acquire the virus from an inoculum 
source, either SMV-infected weed hosts or SMV-infected soybeans introduced 
through infected seed. Six weeds that are common in soybean producing 
areas in Iowa can serve as hosts of SMV. These are Amaranthus sp., 
Setaria sp., Physalis virginiana, f. longifolia, Solanum carolinense 
(58), and Chenopodium album (23). C. album is a Local lesion 
host and is not likely to serve as an inoculum source for aphids. 
Amaranthus sp. and Setaria sp. are annual weeds and are not likely to 
serve as primary inoculum sources unless SMV is seed transmitted in 
them. Transmission rates of SMV in soybeans have been reported as 
high as 30% (25,40). In addition, SMV-infected seed can be symptomless. 
The pattern of virus spread in a crop will depend on many factors, 
including wind conditions that affect vector movement, activities of 
the vector, and whether the initial inoculum source is outside or inside 
the field (49). Johnson (36), in studies on the infestation of bean 
fields by ~· fabae, noticed that the intensity of infection in the 
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outer rows was greater than in the inner rows. He attributed this to 
local eddies created by the sudden rise in plant height at the edge of 
a field. Lewis (46) observed the effect of an artificial windbreak on 
the distribution of f l ying insects. When wind blew at right angles to 
the fence, insects gathered on the leeward side, i.e., in the wind shadow. 
In 1947, Vander Plank (79) proposed a formula that could be used 
to determine whether or not a pathogen spreads from a single plant to 
neighboring plants. If the pathogen spreads from plant to plant, there 
is a tendency for diseased plants to occur together. If the pathogen 
does not spread from plant to plant, diseased plants will occur randomly 
in the area. He used Kromnek disease of tobacco caused by Lycopersicon 
virus as an illustration. Since then the formula has been used many 
times to study virus spread. 
If a pathogen spreads randomly, the expected number of pairs of 
adjacent diseased plants (doublets) is equal to: 
u(u - 1) 
n 
where u is equal to the total number of diseased plants and n is equal 
to the total number of plants examined in sequence. A disease doublet 
is "two adjacent diseased plants without reference to the health of the 
plants which precede or follow it" (79). For example, a run of four 
adjacent diseased plants is three disease doublets. If the observed 
number of disease doublets is less than or equal to the expected number, 
then there is no evidence to indicate that the pathogen is spreading to 
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neighboring plants. If the observed number of doublets is greater 
than the expected number, then the pathogen is spreading to neighboring 
plants. 
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MATERIALS AND METHODS 
Virus Isolates 
Three Iowa isolates of SMV (IA SMV-0, IA 12-18, and IA 75-16-1) 
were maintained in Glycine~ cv. 'Williams' during the course of this 
study. IA SMV-0 was originally collected by Dunleavy and Quiniones in 
1968 and maintained in the greenhouse by mechanical inoculation and in 
stored infected seed. The IA SMV-0 used in this study originated from 
the infected seed. Isolates IA 12-18 and IA 75-16-1 were each derived 
from single local lesions on Phaseolus vulgaris cv. 'Top Crop' (52), 
and maintained by mechanical inoculation. IA 12-18 originated from a 
field collection made by Tachibana in 1974, and IA 75-16-1 originated 
from a field collection made by Hill in 1975. All three isolates pro-
duce a typical mosaic symptom on common soybean varieties such as 
'Ontario', 'Bansei', and 'Williams'. Prior to this study the only 
difference noted among these isolates was that IA 12-18 causes a severe 
apical necrosis on 'Marshall' soybeans, which are resistant to isolates 
IA SMV-0 and IA 75-16-1. 
Source plants inoculated with the virus isolates were grown in a 
growth chamber with an eighteen hour daylength and 23 C constant temper-
ature. Virus isolates were transferred by mechanical inoculation every 
two weeks to healthy 'Williams' seedlings in the primary leaf stage. 
Source plants for insect transmission studies were used 10-14 days 
postinoculation because virus concentration in the plant is highest at 
this time (G. M. Milbrath, University of Illinois, personal communication, 
1977). 
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In July, 1977, biological differences among isolates were reaf-
firmed to assure that the isolates were not cross contaminated during 
the course of the study. The three isolates were differentiated on 
the basis of their reaction on 'Marshall' soybean and their transmissi-
bility by~· maidis. 
Spread of SMV in the Field in 1976 
Two experimental plots were established at the Curtiss Farm, Iowa 
State University, Ames, Iowa, in the spring of 1976 . Each plot consisted 
of two subplots of four rows that were 76 em apart and 6.1 m long. The 
subplots were separated by a 61 em alley. Subplots were used because 
planting equipment was set to plant that way. 
Mottled seeds, used in an attempt to obtain naturally infected 
seeds to serve as inoculum sources, were hand-picked from a seedlot of 
'Ontario' donated by H. Tachibana. These seeds, known to be infected 
with IA SMV-0, were planted at the rate of 10 seeds per 30 em of row. 
One plot was planted north to south on May 18, and the other was planted 
east to west on May 10. Each plot was surrounded by a border of '"Ontario' 
soybeans donated by H. Tachibana who has increased the variety for many 
years. The increase blocks were hand rogued for varietal pureness and 
SMV disease symptoms, and the seedlot used to plant the border was 
rogued to eliminate mottled seeds. 
The plot planted on May 10 was designated as the "corn environment" 
plot because several rows of Zea mays cv. 'Golden Bantam' sweetcorn were 
planted north and south of the plot, just outside the soybean border. 
Immediately west of the 'Ontario' border was a 9 m sod strip followed 
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by a large acreage of field corn. There were soybeans north and east 
of the plot and a 9 m sod strip to the south. The other plot was desig-
nated as the "soybean environment" plot. There were soybeans irmnediately 
north and east of the soybean border and a dirt lane to the west and 
south. There was a corn field irmnediately west of the lane and a wooded 
area 15 m south of the lane. 
Both plots were carefully observed on June 2 for plants showing 
symptoms of SMV disease. Those plants that showed symptoms were tagged 
and marked with color-coded stakes corresponding to the date of observa-
tion. Leaf distortion, mosaic, and stunting were the symptoms used to 
determine whether a plant was infected with SMV. No attempt was made 
to assay for isolate IA SMV-0. The plots were observed again June 27-
July 6 and July 29, when additional plants showing symptoms were staked 
and tagged. Species and relative numbers of aphids were monitored by 
R. Harmnond, Department of Entomology, Iowa State University. On August 
23-24, the plants were examined in sequence and a color-coded map showing 
the location of virus-infected and noninfected plants was made. The 
results o.f the subplots were added and Van der Plank's method (79) for 
estimating the number of random groups of adjacent disease pairs was 
used to analyze the data. 
Spread of SMV in the Field in 1977 
Six experimental plots with the same format as in 1976 were 
established at Curtiss farm in the spring of 1977. The plots were 
bordered by 'Ontario' soybeans from one of Tachibana's seedlots. Three 
plots, designated as "corn environment" plots, were within a 45 x 79 m 
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field of 'Golden Bantam' sweetcorn containing a caged soybean experiment 
conducted by Hill, Tachibana, and Pedigo. The other three plots, desig-
nated as "soybean environment" plots, were planted north to south and 
surrounded by soybean variety increase blocks, 'Ontario' filler, and 
soybean breeding material. Seed of 'Ontario' from one of Tachibana's 
rogued seedlots was planted in the corn environment plots on May 17 and 
in the soybean environment plots on May 18. On June 3, plots in each 
environment were inoculated with either IA SMV-0, IA 75-16-1, or left 
as an uninoculated control. Inoculation was done by rubbing the leaves 
with infective plant sap containing 600 mesh carborundum. The plant sap 
was kept in an ice bath during the inoculation procedure. Five percent 
of the plants in the plots were randomly inoculated with the aid of a 
random number table to simulate seed infection, and the inoculated 
plants were marked with stakes. Random inoculation rather than infected 
seed was used to assure that all plots had a uniform percentage of 
infected plants at the beginning of the season. 
Plants other than those that were inoculated were staked and tagged 
on July 19-20, if they exhibited the SMV symptoms of leaf distortion, 
mosaic, and stunting. No attempt was made to assay for virus isolate. 
On August 19-20, the plants were examined in sequence, and the location 
of virus-infected and noninfected plants was recorded. Fewer observa-
tions were made in 1977 because early symptoms appeared to have been 
masked by heat and drought. Aphid species and relative numbers were 
monitored by R. Hammond. Van der Plank's method (79) was also used to 
analyze this data. 
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Collection and Rearing of Aphids 
Aphids were collected with an aspirator from plants near experimental 
field plots located on the Curtiss Farm, Iowa State University, in the 
fall of 1976 and sent to the USDA Systematic Entomology Lab in Beltsville, 
Maryland for identification. A species collected from Polygonum sp. 
(smartweed) was identified as~. persicae (Sulz.), the green peaeh 
aphid, and a species collected from 'Golden Bantam' was identified as 
R. maidis (Fitch), the corn leaf aphid. 
Separate colonies of each of these two species were started from 
a mixture of individuals. Cages constructed from wood, glass, and nylon 
tricot were used to house the colonies in growth chambers, using the 
temperature and light regimes described by Thongmeearken et al. (76). 
Two colonies of R. maidis were reared on 'Golden Bantam' and maintained 
in growth chambers with a 14 hour daylength, 30 C day temperature, and 
24 C night temperature. Colonies of ~· persicae were reared on Vicia 
faba (broadbean). One colony was maintained with a 16 hour daylength 
at 21 C constant temperature, and the other colony had the same light-
temperature regime as~ · maidis, because of shortage of growth chambers. 
In December, 1977, a third colony of R. maidis was started and reared 
on Hordeum vulgare (barley) under the same light-temperature regime as 
R. maidis on 'Golden Bantam'. 
Fresh host plants were grown in a growth chamber and placed in the 
cages about every two weeks. Old plants were allowed to dry out before 
they were removed, forcing the aphids to move onto the fresh plants. 
Cages were periodically cleaned and scrubbed with a 10% Chlorox solution. 
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Initial Transmission Studies 
R. maidis and M. persicae were tested for their abilities to trans-
mit three Iowa isolates of SMV (SMV-0, IA 12-18, and IA 75-16-1), using 
1, 11, 21, or 31 aphids per plant. Apterous aphids were starved for 
two hours in petri dishes lines with moist filter paper. After a three 
minute acquisition period on 'Williams' soybean infected with one of the 
three virus isolates, the aphids were transferred with a camel hair 
brush to healthy 'Williams' seedlings in the primary leaf stage. Aphids 
that had been given a three minute acquisition on healthy soybean plants 
were regularly included to assure that the aphid colonies were nonviru-
liferous. 
Aphids were allowed access for 24 hours, during which time the 
plants were caged and placed in a fume hood with constant light at room 
temperature. Cages were constructed from 8 oz plastic drinking glasses 
whose bottoms were replaced with a fine mesh screen. Test plants were 
then sprayed with a dilute solution of nicotine sulfate in water to 
remove the aphids and placed on the greenhouse bench to await symptom 
development. The experimental design was a randomized complete block 
with ten replications. Two weeks later, the test plants were assayed 
on R· vulgaris cv. 'Top Crop' to detect virus infection, using the 
detached leaf method of Milbrath and Soong (52). 
Determination of Acquisition Time 
Acquisition times were determined using apterous forms of R. maidis 
and~· persicae. After a starvation period of 3-6 hours, a single 
aphid was placed on a leaf detached from the virus source plant and 
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allowed to probe for 0, 10, 20, 30, 40, and 50 seconds. The 0 seconds 
feeding time was a control in which the aphid was allowed to wander for 
one minute without probing, then removed to a test plant. Each isolate 
was mechanically inoculated to a test plant to assure infectivity of 
the isolate. Leaves were changed frequently to retain turgor of the 
source, and fresh leaves were used for each species or form. Aphids 
were observed under a dissecting microscope, and the length of time 
that each individual wandered before it began probing was recorded. 
Timing of a probe was begun as soon as the rostrum came in contact 
with the leaf surface. This is usually an indication that the stylet 
has penetrated (69). If an individual did not terminate its probe 
naturally in the desired length of time, the probing was terminated by 
gently disturbing the aphid with a camel hair brush. 
After probing, the aphid was placed on a 'Williams' soybean seedling 
in the primary leaf stage, caged, and placed under the fume hood for 
24 hours. Plants were then sprayed with a dilute solution of nicotine 
sulfate in water and placed on the greenhouse bench to await symptom 
development. The experimental design was a randomized complete block 
with 20 replications. Healthy plants were also placed on the greenhouse 
bench as controls. All test plants were assayed on P. vulgaris cv. 
'Top Crop' for presence of virus. 
Attempts to determine acquisition times for alate corn leaf aphids 
were unsuccessful. Most individuals did not settle to feed, even after 
30 minutes on infected soybeans. Cockbain et al., (14) reported that 
alate of many species will settle, feed, and reproduce only after flying. 
Many alate individuals were produced in the colony reared on barley and 
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flew on the sides and top of the cage. These 'flown' individuals were 
also tested, but they also rarely settled and fed on soybeans. 
Determination of Retention Time 
Apterous and alate R. maidis were allowed a 5 minute acquisition 
period and apterous ~- persicae were allowed a 2 minute acquisition per-
iod on 'Williams' soybean infected with one of the three Iowa isolates 
of SMV. After postacquisition starving times of 0, 25, 50, 75, 100, or 
125 minutes in glass vials with plastic caps, 30 alate and 30 apterous 
individuals of E· maidis and 10 individuals of ~· persicae were trans-
ferred to healthy 'Williams' seedlings in the primary leaf stage, caged, 
and placed under the fume hood with constant light and room temperature. 
After 24 hours, the seedlings were sprayed with a dilute solution of 
nicotine sulfate in water and placed on the greenhouse bench to await 
symptom development. 
Acquisition periods for apterous forms were chosen on the basis of 
the mean time period the aphid wandered before settling (~. persicae 1.8 
± 0.2 min, ~- maidis 4.2 + 0.2 min) to probe. The number of aphids per 
test plant were those that gave consistent results in initial transmis-
sion studies. Alate ~· maidis were allowed the same acquisition and 
number of aphids per plant as apterous forms; however, there is no 
experimental evidence to justify this. 
Mechanically inoculated and healthy plants were included as controls. 
Experimental design was a split-plot with three replications. Two weeks 
after inoculation, all plants were assayed on P. vulgaris cv. 'Top Crop' 
to detect virus infection. 
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RESULTS 
Spread of IA SMV-0 in 'Ontario' Soybeans in 1976 
The results of the plots designed to monitor the spread of SMV in 
1976 are summarized in Table 1. Use of mottled seed resulted in a 9 . 5% 
initial infection in the corn environment plot and a 10.3% initial infec-
tion in the soybean environment plot . The percentage of plants infected 
during the growing season is depicted in Figure 1. In the corn environ-
ment plot, there was a steady increase in the percentage of plants 
infected from June 2 to July 29, after which there was little increase. 
In the soybean environment plot, the percentage of plants infected 
increased until the experiment was terminated on August 23, although the 
rate of increase was greatest between June 2 and June 27. 
Figure 2 depicts the change in the number of disease doublets with 
time. In the corn environment plot, the rate of increase in disease 
doublets (any two adjacent disease plants) was . greater at the beginning 
of the season than at the end; however, the greatest increase occurred 
between July 6 and July 29. Since the rate of increase in percentage 
plants infected remained the same between July 6 and July 29 (Figure 1) 
while the rate of increase of disease doublets increased (Figure 2), 
most of the spread that occurred during this time is attributable to 
increase in disease doublets, suggesting plant to plant spread. 
In the soybean environment plot, there was a steady increase in 
number of disease doublets (Figure 2), although the rate of increase in 
percentage plants inf ected decreased (Figure 1). This means that most 
spread that occurred in the soybean environment plot is attributable to 
Table 1. Spread of the IA-SMV-0 isolate of SMV in 'Ontario' soybeans in 1976 
Plants infected 
Doublets Two 
Environment Obs. date std. Pattern Obs. Exp. 
¥1= % errors 
Corn June 2 73/766 9.5 12 6.9 + 5.2 Random 
Corn July 6 161/766 21.0 38 33.6 + 11.6 Random 
Corn July 29 224/766 29.2 71 65.2 + 16.2 Random 
Corn August 24 240/766 31.3 84 74.9 + 17.4 Random 
w 
w 
Soybean June 2 71/687 10.3 20 7.2 + 5.4 Nonrandom 
Soybean June 27 155/687 22.6 57 34.7 + 11.8 Nonrandom 
Soybean July 29 224/687 32.6 101 72.7 + 17.0 Nonrandom 
Soybean August 23 261/687 38.0 135 98.8 + 19.8 Nonrandom 

Figure 1. Spread of IA SMV-0 in 'Ontario' soybeans in 1976. The lines represent percentage of 
plants infected versus time, m = slope 
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Figure 2. Spread of IA SMV-0 in 'Ontario' soybeans in 1976. The 
lines represent the number of disease doublets versus time, 
m = slope 
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increase in number of disease doublets. 
The results of Vander Plank's test for the corn environment plot 
are presented in Table 1. There was no significant evidence for plant 
to plant spread of SMV because the observed number of disease doublets 
was not significantly greater than the expected number. Figures 3 and 
4 illustrate the pattern of occurrence of SMV-infected plants in the 
corn environment subplots. For purposes of illustration, subplots were 
diagramed separately; however, the subplots were considered as a unit 
for Vander Plank's test. The maps of the corn environment plot show 
that the majority of the SMV-infected plants are nonadjacent. According 
to Van der Plank, the few disease doublets that do occur are due to 
chance. In Figure 4, row 3, there is an area of considerable disease 
doublets that occurred between July 6 and July 29. This area of row 
3 probably accounts for the large increase in percentage of disease 
doublets between July 6 and July 29 (Figure 2). 
The results of Vander Plank's test for the soybean environment 
plot are summarized in Table 1. There is sufficient evidence for plant 
to plant spread because the observed number of doublets was significantly 
greater than the expected number for all observation dates. The use of 
mottled seed was expected to cause an initially random pattern of 
occurrence of SMV-infected plants; however, the initial pattern in the 
soybean environment was nonrandom. Figures 5 and 6 are maps of the 
soybean environment subplots. Although most of the spread was from 
plant to plant, some nonadjacent SMV-infected plants were observed. 

Figure 3. Field diagram illustrating the pattern of occurrence of 
SMV-infected plants in 'Ontario' soybeans in 1976. Corn 
environment, west subplot 
• plants showing symptoms on June 2 (infected seed) ... additional plants showing symptoms on July 6 
• additional plants showing symptoms on July 29 
* additional plants showing symptoms on August 24 
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Figure 4. Field diagram illustrating the pattern of occurrence 
of SMV-infected plants in 'Ontario' soybeans in 1976. 
Corn environment, east subplot. Legend is the same 
as for Figure 3 
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Figure 5. Field diagram illustrating the pattern of occurrence 
of SMV-infected plants in 'Ontario' soybeans in 1976. 
Soybean environment, south subplot 
• plants showing symptoms on June 2 • additional plants showing symptoms on June 27 • additional plants showing symptoms on July 29 
* additional plants showing symptoms on August 23 
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Figure 6. Field diagram illustrating the pattern of occurrence of 
SMV-infected plants in 'Ontario' soybeans in 1976. 
Soybean environment, north subplot. Legend is the same 
as for Figure 5 
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Spread of SMV in 'Ontario' Soybeans in 1977 
Spread of IA SMV-0 
The spread of IA SMV-0 in 1977 is summarized in Table 2. There 
were only three observation dates in 1977 because symptom expression was 
poor due to hot weather and drought stress. Very little spread occurred 
in the corn environment plot. Plants in this plot were one half the 
size of plants in the soybean environment plot. In both plots, the 
greatest increase in percentage of plants infected and in the number of 
disease doublets occurred between June 3 and July 19-20. 
Vander Plank's test for plants in the corn environment plot (Table 
2) indicated that the pattern of occurrence of SMV-infected plants 
remained random throughout the season. Figures 7 and 8 are maps illus-
trating the pattern of occurrence of SMV-infected plants in corn environ-
ment subplots inoculated with IA SMV-0. The little secondary spread 
that occurred was usually to nonadjacent plants, although a few disease 
doublets are evident. No virus infected plants were observed in the 
noninoculated control plot in the corn environment. 
The initial random pattern of occurrence of SMV-infected plants in 
the soybean environment became nonrandom, indicating plant to plant 
spread (Table 2). An initial random pattern was expected because the 
subplots were randomly inoculated. Figures 9 and 10 illustrate the 
pattern of occurrence of SMV-infected plants in the soybean environment 
subplots inoculated with IA SMV-0. Some isolated diseased plants are 
evident, i.e., not all spread was from plant to plant . No SMV-infected 
plants were observed in noninoculated control plots in the soybean 
Table 2. Spread of the IA SMV-0 isolate in 'Ontario' soybeans in 1977 
Plants infected Doublets 
Environment Obs. date % Obs. Exp. 
Corn June 3 61/1267 4.8 4 2.9 
Corn July 19-20 77/1267 6.1 8 4.6 
Corn August 19-20 79/1267 6.2 9 4.9 
Soybean June 3 69/1383 5.0 1 3.4 
Soybean July 19-20 121/1383 8.7 21 10.5 
Soybean August 19-20 163/1383 11.8 31 19.1 
Two 
std. 
errors 
+ 3.4 
+ 4.2 
+ 4.4 
+ 3.6 
+ 6.4 
+ 8.8 
Pattern 
Random 
Random 
Random 
+:-
cc 
Random 
Nonrandom 
Nonrandom 

Figure 7. Field diagram illustrating the pattern of occurrence 
of SMV-infected plants in 'Ontario' soybeans randomly 
inoculated with IA SMV-0 in 1977. Corn environment, 
west subplot 
• plants which were inoculated on June 3 
* additional plants showing symptoms on July 19-20 • additional plants showing symptoms on August 19-20 
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Figure 8. Field diagram illustrating the pattern of occurrence 
of SMV-infected plants in 'Ontario' soybeans randomly 
inoculated with IA SMV-0 in 1977. Corn environment, 
east subplot. Legend is the same as for Figure 7 
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Figure 9. Field diagram illustrating the pattern of occurrence of 
SMV-infected plants in 'Ontario' soybeans randomly 
inoculated with IA SMV-0 in 1977. Soybean environment, 
north subplot. Legend is the same as for Figure 7 
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Figure 10. Field diagram illustrating the pattern of occurrence 
of SMV-infected plants in 'Ontario' soybeans randomly 
inoculated with IA SMV-0 in 1977. Soybean environment, 
south subplot. Legend is the same as for Figure 7 
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environment 
Spread of IA 75-16-1 
The spread in 1977 of SMV in plots inoculated with IA 75-16-1 is 
shown in Table 3. There was very little spread in the corn environment 
plot, and no disease doublets were observed. The pattern of occurrence 
of SMV-infected plants remained random because the virus did not spread. 
Figures 11 and 12 illustrate the pattern of occurrence of SMV-infected 
plants in the corn environment subplots. 
In the soybean environment plot, the greatest increase in percentage 
of plants infected and in the number of doublets occurred between June 3 
and July 19-20 (Table 3). Since plants were randomly inoculated, a 
random pattern of occurrence of SMV-infected plants was expected on 
June 3; however, the pattern was nonrandom. Figures 13 and 14 illustrate 
the pattern of occurrence of SMV-infected plants in soybean environment 
subplots inoculated with IA 75-16-1. Some isolated infected plants were 
observed, although the pattern of occurrence of virus-infected plants 
was judged to be nonrandom on the basis of Vander Plank's test (Table 3). 
Initial Transmission Study 
Initial transmission studies using ~· maidis as a vector revealed 
IA SMV-0 was never transmitted in 40 trials, representing a total of 
640 aphids (Table 4). IA 75-16-1 was transmitted in 14 trials out of 
40 and IA 12-18 was transmitted in 10 trials out of 40. There is no 
significant difference between those two values at the .05 level of 
significance, using a t-test. The level of transmission of IA 75-16-1 
and IA 12-18 increased with increasing number of aphids per plant. 
Table 3. Spread of the IA 75-16-1 isolate of SMV in 'Ontario' . soybeans in 1977 
Environment Obs. date 
Corn June 3 
Corn July 19-20 
Corn August 19-20 
Soybean June 3 
Soybean July 19-20 
Soybean August 19-20 
Plants infected 
66/1349 
73/1349 
76/1349 
73/1405 
118/1405 
138/1405 
% 
4.9 
5.4 
5.6 
5.2 
8.4 
9.8 
Doublets 
Obs. Exp. 
0 3.2 
0 3.9 
0 4.2 
8 3.7 
25 9.8 
27 13.5 
Two 
std. 
errors 
+ 3.6 
+ 4.0 
+ 4.0 
+ 3.8 
+ 6.2 
+ 7.4 
Pattern 
Random 
Random 
Random 
Nonrandom 
Nonrandom 
Nonrandom 

Figure 11. Field diagram illustrating the pattern of occurrence of 
SMV-infected plants in 'Ontario' soybeans randomly 
inoculated with IA 75-16-1 in 1977. Corn environment, 
west subplot. Legend is the same as for Figure 7 
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Figure 12. Field diagram illustrating the pattern of occurrence 
of SMV-infected plants in 'Ontario' soybeans randomly 
inoculated with IA 75-16-1 in 1977. Corn environment, 
east subplot. Legend is the same as for Figure 7 
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Figure 13. Field diagram illustrating the pattern of occurrence 
of SMV-infected plants in 'Ontario' soybeans randomly 
inoculated with IA 75-16-1 in 1977. Soybean environ-
ment, south s4bplot. Legend is the same as for 
Figure 7 
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Figure 14. Field diagram illustrating the pattern of occurrence 
of SMV-infected plants in 'Ontario' soybeans randomly 
inoculated with IA 75-16-1 in 1977. Soybean environ-
ment, north subplot. Legend is the same as for 
Figure 7 
66 
: 
i< 
• 
• • 
• • 
i< I ' i< 
• 
i< 
~ 
~ • 
• 
~ 
It< • 
• 
• 
• 
~ • • 
i< 
~ 
le 
• 
i< 
• 
• i • 
• • 
• 
~ 
• 
i< 
• 
' ~ ' N ~ I t i< 
1 2 3 4 
67 
Table 4. Transmissibility of three Iowa isolates of soybean mosaic 
virus by varying levels of RhoEalosiEhum maidis 
Number of aphids 
Virus isolate 
per plant SMV-0 12-18 7S-16-l 
1 0/lOa 0/10 1/10 
11 0/10 1/10 2/10 
21 0/10 3/10 4/10 
31 0/10 6/10 7/10 
Total 0/40ab 10/40b 14/40b 
aFigures are the number of infected plants indicated by local lesion 
assay on Phaseolus vulgaris cv. 'Top Crop' over the total number of plants 
in the experiment. 
b Numbers followed by the same letter are not significantly different 
at the .OS level of significance. 
Transmission by mechanical inoculation was 100%. Virus was not recovered 
from plants that were exposed to aphids that had fed on healthy source 
plants or from healthy plants that were not exposed to aphids. 
The initial transmission study using ~· Eersicae as a vector revealed 
that IA SMV-0 was transmitted in 30 out of 40 trials and IA 7S-16-l and 
IA 12-18 were transmitted in 3S out of 40 trials (Table S) The two 
transmission levels differ significantly at the .OS level of significance, 
using a t-test. Transmission ranged from 90 to 100% for all three iso-
lates, beginning with 11 aphids per plant. Mechanically inoculated 
controls yielded 100% transmission and the other two controls yielded 
0% transmission. 
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Table 5. Transmissibility of three Iowa isolates of soybean mosaic 
virus by Myzus persicae 
Number of aphids 
Virus isolate 
per plant SMV-0 12-18 75-16-1 
1 2/lOa 5/10 5/10 
11 9/10 10/10 10/10 
21 9/10 10/10 10/10 
31 10/10 10/10 10/10 
Total 30/40ab 35/40b 35/40b 
aNumerator = number of plants for which local lesions were obtained 
on 'Top Crop' bean. Denominator number of trials. 
b Numbers followed by the same letter are not significantly different 
at the .05 level of significance. 
Results of this study revealed a basis for distinguishing among 
the three Iowa isolates of SMV (Table 6). 
IA SMV-0 is not transmitted by·!· maidis and does not cause apical 
necrosis on 'Marshall' soybeans. IA 12-18 is transmitted by!· maidis 
and causes apical necrosis on 'Marshall' soybeans. IA 75-16-1 is trans-
mitted also by!· maidis, but it does not cause apical necrosis on 
'Marshall' soybeans. 'Marshall' is resistant to IA SMV-0 and IA 75-16-1. 
These biological differences were used half way through the project to 
ascertain that no mix-up or contamination of isolates had occurred. 
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Table 6. Summary of biological differences among three Iowa isolates 
of soybean mosaic virus 
Virus isolate 
SMV-0 
12-18 
75-16-1 
Transmission by 
Rhopalosiphum maidis 
+ 
+ 
Acquisition Time 
Necrosis of 
Glycine max cv. 
'Marshall' 
+ 
Results of experiments to determine the acquisition time of SMV by 
R. maidis and~· persicae are summarized in Table 7. IA SMV-0 was never 
transmitted by~· maidis, but it was transmitted nine times out of 100 
by ~· persicae. IA 75-16-1 was transmitted four times out of 100 by 
R. maidis and 13 times out of 100 by ~· persicae. IA 12-18 was trans-
mitted eight times out of 100 by ~· maidis and 19 times out of 100 by 
M. persicae. All three isolates were transmitted more frequently by 
M. persicae than by~· maidis. IA 12-18 was the most frequently trans-
mitted isolate. 
The results of timed acquisition experiments with ~· maidis are 
shown in Figure 15. IA SMV-0 was never transmitted, and IA 75-16-1 was 
transmitted only after20-or 30-second probes. IA 12-18 was transmitted 
four times out of 20 after a 20-second probe and four times out of 20 
after a 50-second probe 
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Table 7. Acquisition of three Iowa isolates by Myzus persicae and 
Rhopalosiphum maidis using one aphid per plant 
Virus 
Number of test plants infected 
isolate 
Probe duration 
(seconds) Corn leaf aphid Green peach aphid 
IA SMV-0 50 0/20a 4/20 
40 0/20 3/20 
30 0/20 1/20 
20 0/20 1/20 
10 0/20 0/20 
0 0/20 0/20 
Total 0/lOOb 9/100 
IA 75-16-1 50 0/20 4/20 
40 0/20 1/20 
30 2/20 3/20 
20 2/20 3/20 
10 0/20 2/20 
0 0/20 0/20 
Total 4/100 13/100 
IA 12-18 50 4/20 2/20 
40 0/20 8/20 
30 0/20 4/20 
20 4/20 3/20 
10 0/20 2/20 
0 0/20 0/20 
Total 8/100 19/100 
aNumerator = number of test plants infected. Denominator 
number of trials. 
total 
bThe 0-second probe duration is a control and is not included in 
the average. 

Figure 15. The effect of probe duration on transmission of three Iowa isolates of 
SMV by ~· maidis 
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Figure 16 depicts the results of timed acquisition experiments 
with ~· persicae . IA SMV-0 was transmitted more frequently after 30-
and 40-second probes than after 10- or 20- second probes and most 
frequently after 50-second probes. Similarly, IA 75-16-1 was also 
transmitted most frequently after 50-second probes. It was also trans-
mitted two times out of 20 after 10-second probes. IA 75-16-1 and IA 
12-18 transmitted more often than IA SMV-0 after 10-, 20-, and 30-second 
probes. The number of plants infected with IA 75-16-1 after 40-second 
probes decreased sharply, then increased after 50-second probes. The 
transmission pattern of IA 12-18 was different than that of the other 
two isolates. The number of test plants infected increased up to a 
maximum of eight out of 20 after 40-second probes and then decreased 
sharply to two out of 20 after 50-second probes. 
Retention Time 
Results of an experiment to determine the retention time of three 
Iowa isolates of SMV by alate and apterous R. maidis and apterous 
M. persicae are presented in Table 8. 
IA SMV-0 was not transmitted by alate or apterous ~· maidis. 
IA SMV-0 was not transmitted by~· persicae, except after the 0-minute 
postacquisition starving time. IA 75-16-1 was not transmitted by 
apterous ~· maidis. IA 75-16-1 was transmitted by alate ~· maidis and 
M. persicae only after the 0-minute postacquisition starving time. 
IA 12-18 was the only isolate that was transmitted following longer 
postacquisition starving times. Apterous E· maidis transmitted IA 12-18 
at least one time out of three after every postacquisition starving 

5E5i3H'ffAqANS
IOSe]ETOSTt,MOIae2t]]IOuOTSSTurSue|]uOuOT]P|nPeqO|dJO]OeIJeet]I'9Te|n8TE
75 
i 
0 ..... 00 
I I 
..... 
> \C) 1. ..... N ~ I ..... 
V') Ill'\ < ...... ..:: < 
', ', 
/ 
/ 
/ 
( 
I 
I 
I 
I 
' ', 
> 
/ 
/ 
/ 
@ 
~ 
~ 
0 ...... 
SlVUU OZ Nl 0313l:INI S!NVld !Sll.:j() M38WON 
-. 
(.) 
LI.J 
V') 
~ 
..... 
< ~ 
;::::) 
Q 
LI.J 
CQ 
0 
0::: 
CL 
76 
time except the 25-minute, and it transmitted IA 12-18 twice after a 
100-minute postacquisition starving time. IA 12-18 was not transmitted 
by alate ~· maidis, except after the 25-minute postacquisition starving 
time. ~· persicae transmitted IA 12-18 three times after 0-minute 
postacquisition starving times, one time after a 50-minute, and two 
times after 75-minute times. 
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DISCUSSION 
At the conclusion of the season in 1976, 31.3% of the plants in the 
corn environment plot and 38.0% of the plants in the soybean environment 
plot were infected with SMV; however, increases in percentage plants 
infected were nearly equal (corn environment, 3.2 times; soybean environ-
ment, 3.7 times). The small difference in increase between the two plots 
is likely attributable to the differing amounts of initial inoculum 
(corn environment, 9.5%; soybean environment, 10.3%). 
Results of Vander Plank's test indicate that there was no evidence 
for plant-to-plant spread of SMV in the corn environment plot, whereas 
there was strong evidence for plant-to-plant spread in the soybean 
environment plot. Lack of evidence for plant-to-plant spread does not 
exclude the possibility that the inoculum source is within the crop. 
The pattern of occurrence of virus-infected plants depends on vector 
movement, which is influenced by such factors as inherent behavior of 
the aphid species, duration of previous flight, host status of the 
plant, and weather conditions. Use of Vander Plank's test to detect 
an inoculum source within a crop is based on the assumption that aphids 
move from plant to plant; however, aphids may also be expected to move 
short distances within a crop (13). Whether an aphid moves to an adja-
cent plant, moves several feet down the row, or leaves the field alto-
gether will depend on the combination of factors outlined previously. 
Several other differences in virus spread between the soybean and 
corn environments were also noted. The rate of spread of SMV in the 
corn environment plot remained almost constant for most of the season, 
78 
whereas the rate of spread of SMV in the soybean environment plot was 
greatest between June 2 and July 6 (Figure 1). The fact that the rate 
of spread of SMV in the corn environment plot remained constant during 
most of the season implies that the virus-vector situation also remained 
constant. This suggests that a background vector population that entered 
the plot in about the same numbers every day was responsible for spread 
of SMV. In the soybean environment plot, the spread was greatest at 
the beginning of the season and fluctuated later, suggesting that spread 
depended on the build-up and migration of aphid populations. 
Another difference that was noted between the two plots was in the 
rate of increase in disease doublets. The rate of increase in disease 
doublets in the corn environment fluctuated during the season, but it 
was greatest between July 6 and July 29. In the soybean environment 
plot, the rate of increase in disease doublets remained the same, i.e., 
there was a linear relationship between the number of disease doublets 
and time (Figure 2). Field diagrams of the corn environment subplots 
for 1976 (Figures 3 and 4) illustrate foci of SMV-infected plants clustered 
near infected seed, suggesting that the vector often made short flights, 
rather than moving plant to plant. Sometimes it appears that the vector 
moved from plant to plant. Many more adjacent SMV-infected plants can 
be observed in the soybean environment subplots (Figures 5 and 6), 
although nonadjacent SMV-infected plants also occur. Paguio and Kuhn 
(55), who concluded that infected seed is an important inoculum source 
for spread of peanut mottle virus (PMV) by aphids, also noted the occur-
rence of nonadjacent PMV-infected plants, suggesting that aphid movement 
within a crop varies. It appears that aphids in the corn environment 
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plot usually moved short distances, whereas aphid movement in the soy-
bean environment plot was usually plant-to-plant. 
I propose that the difference in pattern of occurrence of SMV-
infected plants between the corn environment and soybean environment 
plot is due to a difference in vector movement, rather than to a differ-
ence in inoculum source. Differences in aphid movement may be attrib-
utable to differences in the aphid species or to differences in the 
microenvironment between the two environments. 
As stated earlier, the constant rate of spread of SMV in the corn 
environment plot suggests that the virus-vector situation remained con-
stant. This may have been the result of having alate forms of an aphid 
species colonizing corn or nearby weeds migrate through the plot in about 
the same numbers every day. Another explanation is that a number of 
aphid species were involved; however, due to the microenvironment of 
the corn environment plot, movement through the plot was restricted to 
short distances rather than to plant-to-plant movement. Rate of increase 
of SMV-infected plants in the soybean environment plot varied with time, 
suggesting that the spread was due to periodic migration. Why most of 
these aphids moved from plant to plant is uncertain; however, the dis-
tance the aphid migrated, and the pattern of wind movement and 
air turbulence over the plot may have played an important role. 
In 1976, the rows in the corn environment plot were planted west to 
east and rows in the soybean environment plot were planted north to 
south. Since the prevailing winds are from the southwest, row orienta-
tion may have had some effect on aphid movement. In 1976, the corn 
environment plot was bordered on the north and south by several rows 
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of sweetcorn whereas the soybean environment plot was open. The taller 
vegetation to the north and south of the corn environment plot may have 
served to rapidly channel the wind over the plot, preventing aphids from 
directing their flight and moving plant to plant. In 1976, there was a 
woods 20 m south of the soybean environment plot. This woods may have 
supplied a wind shadow for the plot, allowing aphids to direct their 
flight. In summary, in 1976, spread of SMV in the soybean environment 
plot was nonrandom, indicating that the inoculum source was within the 
field. Field diagrams suggest that the inoculum source was infected 
seed. In contrast, spread of virus in the corn environment was random, 
indicating that virus did not spread from plant to plant. Vector move-
ment, influenced by row orientation in relation to the prevailing winds 
and the effect of the corn border on air movement, was usually short 
distances rather than plant-to-plant. Vector movement, rather than an 
outside inoculum source, was probably responsible for the random pattern 
of occurrence of SMV-infected plants in the corn environment plot. 
In the corn environment plot inoculated with SMV-0 in 1977, there 
were 1.3 times more SMV-infected plants at the end of the season than 
at the beginning, whereas there were 2.4 times more SMV-infected plants 
in the soybean environment plot at the end of the season than at the 
beginning. In the corn environment plot inoculated with IA 75-16-1, 
there was very little virus spread and no disease doublets were observed. 
In the soybean environment plot inoculated with IA 75-16-1, there were 
1.9 more SMV-infected plants at the end of the season than at the begin-
ning. No SMV-infected plants were observed in uninoculated control plots 
in the corn or soybean environments. 
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Poor spread of the virus in the corn environment plots was attributed 
to poor growing conditions related to extraordinary heat and moisture 
stress prevalent in central Iowa in 1977. The random pattern of occur-
rence of SMV-infected plants in the corn environment plots was probably 
due to poor virus spread. No attempt will be made to compare spread of 
SMV in the corn environment plot with spread in the soybean environment 
plot in 1977 or with spread in 1976. 
In the soybean environment, there was about a twofold increase in 
SMV-infected plants in the plots inoculated with either IA 75-16-1 or 
IA SMV-0. There was no significant difference in spread of the two 
isolates. The greatest spread occurred early in the season in both 
plots. Pattern of occurrence of SMV-infected plants was nonrandom, 
indicating that infected seed was an important source of inoculum. No 
SMV-infected plants were observed in the uninoculated control, suggesting 
that there is no outside inoculum source. The soybean environment plots 
were not near the woods in 1977, so no wind shadow was involved in 
determining aphid movement. Row orientatidn, however, was the same as 
in 1976. 
A more effective method of determining the importance of infected 
seed as an inoculum source for spread of SMV by aphids may be to choose 
an equal number of SMV-infected (inoculated or grown from infected seed) 
and healthy plants early in the season and monitor virus spread in the 
ten plants to either side of the initial plants during the season. The 
number of infected plants surrounding the SMV-infected plants can be 
compared with the number of SMV-infected plants surrounding healthy 
plants. This method would eliminate problems associated with variation 
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in aphid movement. Another source of experimental error is that no 
attempt was made to assay to determine for certain whether a plant was 
infected with SMV or to detect the virus isolate. 
Regardless of the shortcomings of these experiments, the following 
conclusions about the spread of SMV can be drawn. 
1) Spread of SMV in soybean environment plots in 1976 and 1977 was 
nonrandom, suggesting the importance of infected seed as an 
inoculum source. 
2) Spread of SMV in the corn environment plot in 1976 was random, 
indicating lack of evidence for plant-to-plant spread. 
3) In 1976 and 1977, the greatest spread of SMV in the soybean 
environment plots occurred early in the season. 
4) In 1976, the rate of spread of SMV in the corn environment plot 
remained constant until the end of the season. 
5) Differences between the pattern of occurrence of SMV-infected 
plants in the corn environment plot and in the soybean environ-
ment plot in 1976 were probably due to differences in vector 
movement. 
Initial transmission studies revealed that isolate IA SMV-0 is not 
transmissible by~· maidis. The helper component system described by 
Pirone (56) is probably not involved here, because IA SMV-0 is trans-
missible by ~· persicae. In virus-vector situations for which a helper 
component system has been described, no vector has been found to be able 
to transmit the virus without first acquiring helper component from a 
plant infected with the same or different virus. 
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No attempt was made to determine the reason for the nontransmissi-
bility of IA SMV-0 by~· maidis. Although the nontransmissibility is 
probably ultimately due to a mutation in the virus, there are many dif-
ferent ways for the mutation to be expressed. For example, changes in 
the protein coat may have altered the ability of the isolate to be bound 
to specific sites in the aphid. An interesting area for further study 
would be to determine if there are any serological differences between 
isolate IA SMV-0 and the other two Iowa isolates of SMV. Other areas 
for further study would be to determine if IA SMV-0 is less concentrated 
in infected tissue than IA 12-18 or IA 75-16-1 and to determine if IA 
SMV-0 affects aphid probing behavior differently than does IA 12-18 or 
IA 75-16-1. 
Initial transmission studies revealed no significant differences 
between the frequency of transmission of IA 12-18 and IA 75-16-1 by 
R. maidis. IA SMV-0 was transmitted less frequently by~· persicae 
than were isolates IA 12-18 and IA 75-16-1, which were transmitted with 
equal frequency. Isolates IA 12-18 and IA 75-16-1 were transmitted 
nearly three times more frequently by ~· persicae than by R. maidis. 
The difference in frequency of transmission is likely due to differences 
in aphid probing behavior. 
IA 12-18 is an unusual isolate in that it causes apical necrosis 
of 'Marshall' soybeans which are resistant to isolates IA SMV-0 and 
IA 75-16-1. The transmission pattern of IA 12-18 was also different 
from those of IA 75-16-1 and IA 12-18 when single individuals of M. persi-
cae were allowed acquisition probes of varying times (Figure 16). 
IA 12-18 was transmitted with increasing frequency up to 40 seconds, 
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after which the frequency decreased. Forty seconds is in the range of 
acquisition times often quoted for nonpersistent viruses (70). IA SMV-0 
and IA 75-16-1 were transmitted most frequently after 50-second probes, 
indicating that the ability of ~· persicae to transmit these two isolates 
after longer probes should be studied. Because actual probing behavior 
was not monitored, it is possible that stylet insertion did not begin 
when the rostrum carne in contact with the leaf surface. 
The transmission patterns of the three Iowa isolates of SMV by 
R. rnaidis were more inconsistent. As expected from results of the 
initial transmission studies, IA SMV-0 was never transmitted. IA 75-16-1 
was transmitted only after 20- and 30-second probes, whereas IA 12-18 
was transmitted only after 20- or 50-second probes. 
In an experiment to determine retention time of the three Iowa 
isolates of SMV by alate and apterous !· maidis and apterous ~· persicae, 
frequency of transmission by individual aphids was very low. IA 75-16-1 
and IA SMV-0 were never transmitted by apterous R. rnaidis and IA SMV-0 
also was never transmitted by alate R. maidis. Nontransmissibility of 
IA SMV-0 by alate or apterous individuals was expected on the basis of 
results of initial transmission studies, but failure of R. rnaidis to 
transmit IA 75-16-1 was not expected. A possible explanation is that 
not enough aphids were sampled, since initial transmission studies indi-
cated that the transmissibility by single aphids is very low. 
IA SMV-0 and IA 75-16-1 were retained less than 25 minutes by 
M. persicae and IA 75-16-1 was retained less than 25 minutes by alate 
!· maidis. These figures are somewhat less than the usual figures quoted 
for nonpersistent viruses (70). In the retention experiment, the 
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transmission pattern of IA 12-1 8 was again di fferen t f rom t hos e of lA 
SMV-0 or IA 75-16-1. IA 12-18 was transmitted much more frequently by 
single individuals. Apterous ~ · maidis retained IA 12-18 for as long 
as 125 minutes . Alate R. maidis retained IA 12-18 one time after a 25-
minute postacquisition starvation period. M. persicae retained IA 12- 18 
for as long as 75 minutes. 
Results of the acquisition and retention experiments were somewhat 
inconsistent and the ability of individual aphids to transmit SMV was 
very low. Some of the inconsistency in transmission may be attributable 
to the methods that were used. A mixture of individuals was used to 
ini t iate aphid colonies, in hopes of simulating natural populations. An 
alternative experimental approach would have been to use aphid colonies 
derived from single individuals. An additional source of experimental 
error is that aphids of different ages were undoubtedly used, because 
no attempt was made to differentiate the various instars. A third source 
of variation was that the actual aphid probing behavior was not monitored. 
Timing of the probe was begun as soon as the rostrum came in contact 
with the leaf surface. It is likely that many of these probes were not 
intracellular; therefore, the aphid had no opportunity t o acquire virus. 
In spite of the problems associated with the methods used in acquisi-
tion and retention experiments, the fol l owing conclusions can be drawn: 
1) IA SMV-0 is not transmissible by~· maidis, but is transmissible 
by~· persicae. 
2) IA 12-18 and IA 75-16-1 are transmitted more frequently by 
M. persicae than by~· maidis . 
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3) IA 12-18 is transmitted more frequently than IA 75-16-l or 
IA SMV-0 by ~- persicae and more frequently than IA 75-16-1 by 
R. maidis. 
4) Acquisition time of IA 12-18 by ~- persicae under conditions of 
this study was 40 seconds. 
5) Acquisition time of IA 75-16-1 or IA SMV-0 by ~· persicae under 
conditions of this study was at least 50 seconds. 
6) Acquisition time of IA 75-16-1 by ~- maidis under conditions of 
this study was 20-30 seconds. 
7) IA SMV-0 and IA 75-16-1 were retained by ~- persicae for less 
than 25 minutes and IA 75-16-1 was retained for less than 25 
minutes by alate~- maidis, under conditions of this study. 
8) IA 12-18 was retained for 125 minutes by apterous R. maidis, for 
25 minutes by alate ~· maidis, and for 75 minutes by ~- persicae, 
under conditions of this study. 
The initial purpose of this study was to determine the importance of 
known vectors of SMV to the epidemiology of SMV by 1) studying the pattern 
of occurrence of SMV-infected plants and 2) determining acquisition and 
retention times. Spread of virus in the soybean environment plots in 
1976 and 1977 was from plant-to-plant, suggesting that infected seed was 
an important initial inoculum source. Spread of virus in the corn 
environment plot in 1976 was random, indicating lack of plant-to-plant 
spread. I feel that the random pattern of occurrence of SMV-infected 
plants in the corn environment was caused by vector movement, rather 
than by an ou~siqe inoculum source. 
H7 
It has been concluded that 1{. maidis was not an important vector 
of the SMV isolate used in the 1976 field study because laboratory 
studies failed to demonstrate that R. maidis can transmit the virus 
isolate that was used that year. Although the inherent ability of an 
aphid to transmit a given virus isolate, as measured by acquisition 
and retention time, can influence vector efficiency, vector efficiency 
is a complex situation. Behavior of the aphid and factors that affect 
its movement must also be studied before an aphid can be labelled as 
an efficient or a nonefficient vector. 
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